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Chapter 2  
FISH – USEFUL BIO-INDICATORS FOR 
EVALUATION OF CONTAMINATION IN 
WATER ECOSYSTEMS  
Emanuel Sucman1, Milada Vávrová2, Helena Zlámalová Gargoová3, and 
Miroslava Mahrová4 
1Institute of Food Chemistry and Biotechnology, Faculty of Chemistry, Brno University of 
Technology, Purkyňova 118, 612 00 Brno, Czech Republic, Tel: +420 541149408, Email: 
sucman@fch.vutbr.cz; 2Institute of Chemistry and Technology of Environmental Protection, 
Faculty of Chemistry, Brno University of Technology, Purkyňova 118, 612 00 Brno, Czech 
Republic, Tel: +420 541149340, Email: vavrova@fch.vutbr.cz; 3Faculty of Veterinary 
Hygiene and Ecology, University of Veterinary and Pharmaceutical Science Brno, Palackého 
1-3, 612 42 Brno, Czech Republic, Tel: +420 541562656, Email: gargosovah@vfu.cz; 
4Faculty of Veterinary Hygiene and Ecology, University of Veterinary and Pharmaceutical 
Science Brno, Palackého 1-3, 612 42 Brno, Czech Republic, Tel: +420 541562603, Email: 
m.mahrovam@centrum.cz 
Abstract: Fish are one of the animal species used as an environmental bio-indicator. 
During the years 20022004, fish were taken from the Smradavka and 
Korycany water reservoirs located in the south-eastern Czech Republic. Seven 
fish species were monitored. Fish tissues were analyzed for both heavy metals 
and PCBs indicator congeners. Atomic absorption spectroscopy was used for 
heavy metals determination. High resolution gas chromatography was used for 
PCBs determination. The levels of particular trace elements ranged as follows 
(µg /kg fresh tissue): As 21.648.0, Cu 126612, Ni 45125, Pb 12.428.7 and 
Zn 370012500. Concentrations of cadmium were below the limit of 
determination (0.2 µg /kg) in all samples. The highest values (in µg /kg fresh 
tissue) were found for the PCB 153 congener in bream, eel and pike 12.5-22.5. 
The lowest concentration in all fish species was found for the PCB 52 
congener 0.12-1.30. The sum of PCB indicator congeners ranged from 9.10 - 
roach to 53.9 - bream. The overall level of contamination in fish is low and the 
current limit for residues that is valid in the Czech Republic was not exceeded 
in any case. 
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1. INTRODUCTION 
Fish are one of the animal species often used as an environmental bio-
indicator to monitor a level of hydrosphere pollution. It is recommended that 
the monitoring of hydrosphere pollution should be as complex as possible, 
which means that the levels of xenobiotics should be known not only in 
water but also in sediments and tissues of animals considered to be bio-
indicators. Monitoring studies of this kind are sometimes extended to 
phytoplankton and zooplankton (Zima and Vávrová, 1997). Fish are often 
screened for high-risk elements and/or also for various kinds of organic 
pollutants. 
In their thorough monitoring studies aimed at marine fish, Voight, et al 
monitored the levels of high-risk elements in fish living in Finnish coastal 
waters, in the Baltic Sea and the offshore waters of western Estonia. (Voight, 
1999, Zauke et al., 1999, Anonymous 2004). According to the available 
literature fresh-water fish have not been extensively used as a bio-indicator 
to evaluate a level of contamination in the fresh-water ecosystem. 
Both the Ministry of the Environment and the Ministry of Agriculture of 
the Czech Republic evaluate contamination of fish annually, focussing 
particularly on the determination of high-risk elements, polychlorinated 
biphenyls and organic chlorinated insecticides. The current levels of 
particular pollutants are not too high and comply with both national and 
European limits; an increased level of pollution was found only as a 
consequence of ecological accidents (Anonymous 2004). 
There are approximately one hundred PCBs congeners detected in 
environmental samples, of which about 50 are toxicologically and/or 
environmentally important. The maximum residual limit in particular 
commodities is given as the sum of seven PCBs indicator congeners (28, 52, 
101, 118, 132, 153, 180).  In addition, the congeners PCB 206 and PCB 209 
are also monitored. 
The hydrosphere probably contains the substantial part of PCBs present 
in the environment. Due to their hydrophobic behaviour and the ability to be 
kept in sediments and/or biota, they are detectable in all parts of hydrosphere 
even in areas where the contamination could be kept at the background 
levels (Niimi, 1996). 
The load of sediments varies from several tenths of mg/kg up to tens of 
mg/kg depending upon the distance from contamination sources. Content in 
water organisms increases with their position in the food chain. Fish reflect 
the state of the pollution very well because of their limited ability to 
eliminate contaminants. Thanks to the stability of the PCBs and their 
lipophilic properties, they readily accumulate in fat tissue. The majority of 
PCBs congeners detected in fish tissues are penta- and/or 
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hexachlorobiphenyls, especially the congeners PCB 118 and PCB 153  
(Parte and Albaiges, 1994). 
There have been two complex studies carried out in the Czech Republic 
dealing with the systematic monitoring of PCBs indicator congeners 
contents in fish (Vávrová et  al., 2003, Svobodová et al., 2004).   
2. MATERIALS AND METHODS 
During the years 2002  2004, fish were taken from the Smradavka and 
Korycany reservoirs in order to find out whether fish can serve as a bio-
indicator in the fresh-water ecosystem. Properly licensed workers complied 
with the law relating to the protection of animals against maltreatment. The 
following species of fish were taken: pike, zander, eel, carp, bream, roach, 
tench, and silver salmon.  
2.1 Chemicals 
All chemicals used for trace element determination were of Analytical 
Grade (Merck, Germany) except for HNO3 (65%) which was additionally 
purified by sub-boiling distillation. In addition H2SO4 (96%, Suprapur, 
Merck Germany) and HCl (37%, Suprapur, Merck Germany) were used. All 
solutions were prepared using deionised water of specific resistance >0.4 
MΩ. Standards of particular elements were prepared from commercial 1000 
mg/L stock solutions (Analytika, Czech Republic). Standard reference 
materials DORM-2 and DOLT-2 (2Theta, Czech Republic) were used to 
check accuracy. 
For determinations of PCBs, the following chemicals were used (Merck, 
Germany) anhydrous sodium sulphate, analytical grade, annealed in a muffle 
furnace at 650 °C for 4 h; sulphuric acid 96% (Suprapur, Merck); Florisil 
60/100 mesh, cleaned and annealed at 600 °C; aluminium oxide, 
chromatography grade, cleaned and annealed at 400°C. Before use sorbents 
were activated in a hot-air drier at 130°C, 6 h. Furthermore, the following 
solvents and/or elution mixtures were used: n-hexane, isooctane (SupraSolv; 
Merck); n-hexane (Residue Analysis Grade); petroleum ether (boiling point 
35 to 60 °C, pure) bi-distilled in a ground glass apparatus; diethyl ether 
(Analytical Grade) bi-distilled, peroxide-free, dried over anhydrous sodium 
sulphate; acetone (Residue Analysis Grade); n-hexane-diethyl ether (94+6), 
n-hexane-acetone (94+6). Standard solution of PCBs congeners Mix3 (Dr. 
Ehrenstorfer GmbH, Germany), standard reference material Chlorobiphenyls 
in Mackerel Oil, BCR No: 350 (Community Bureau of Reference, Belgium).  
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2.2 Pre-analytical and analytical procedure – determination of 
metals 
Samples of fish tissues were wet digested using the mixture of nitric acid 
and sulphuric acid (26+1). The levels of lead, cadmium, copper and nickel 
were then determined using Graphite Furnace Atomic Absorption 
Spectrometry (GF-AAS). Zinc was determined by Flame Atomic Absorption 
Spectrometry (FAAS) and arsenic determined by Hydride Generation 
Atomic Absorption Spectrometry (HG-AAS). The instrument AAA Solar 
with appropriate accessories (Thermoelemental, UK) was used within the 
study. Limit of determination were 2 µg/ml for each particular element. The 
accuracy of the analysis was verified using standard reference materials.  
2.3 Pre-analytical and analytical procedure – determination of 
PCBs 
The complete procedure for the determination of PCBs is described in 
[8]. 
3. RESULTS AND DISCUSSION 
The concentrations of trace metals found in fish muscles are summarized 
in Table 1 and Table 2. Mean values, standard deviations and ranges are 
given. In the Smradavka water reservoir (see Table 1), seven fish species 
(pike, zander, eel, carp, bream, roach and tench) were monitored. The 
number of fish samples in each group was different ranging between 6 
(zander, tench) and 28 (eel). It can be seen that the level of contamination in 
fish taken from the Smradavka reservoir is low and that the current limit for 
residues, which is valid in the Czech Republic, was not exceeded in any 
case. Table 2 shows the average levels of heavy metals in muscle tissue of 
fish taken from the Korycany reservoir. Five fish species (pike, zander, eel, 
carp and silver salmon) were monitored. The number of fish in each group 
was different ranging between 6 (silver salmon) and 46 (eel). It follows from 
the values introduced in this table that the level of contamination in fish 
taken from the Korycany reservoir is very low and again the current limit for 
residues, which is valid in the Czech Republic, was not exceeded in any 
case. 
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Table 1. Content of heavy metals in muscle tissues of fish  reservoir Smradavka [µg/kg fresh 
tissue]  
Elements Pike 
N=13 
Zander 
N=6 
Eel 
N=28 
Carp 
N=16 
Bream 
N=12 
Roach 
N=22 
Tench 
N=6 
mean 24.4 32.9 29.8 27.1 23.3 22.5 30.0 
range 19.8  27.6 
29.8  
37.8 
24.5  
37.2 
23.2  
29.8 
18.2  
29.5 
15.3  
29.6 
27.9  
32.3 
As 
SD 2.35 2.94 3.40 1.92 3.94 4.02 1.62 
mean < 2 < 2 41.2 < 2 < 2 < 2 < 2 
range n.e. n.e. 20.0  
70.0 
n.e. n.e. n.e. n.e. Cd 
SD n.e. n.e. 17.1 n.e. n.e. n.e. n.e. 
mean 595 142 583 112 261 249 505 
range 533  
658 
127  
158 
463  
712 
86.0  
126 
215  
302 
196  
287 
482  
528 
Cu 
SD 37.9 12.5 65.2 12.9 26.0 21.6 16.2 
mean 23.3 49.7 125 42.7 113 44.6 127 
range 17.5  34.5 
39.0  
66.0 
89.0  
184 
25.3  
38.3 
85.0  
158 
28.0  
70.0 
104  
142 
Ni 
SD 3.93 10.1 23.0 14.1 22.7 11.3 14.7 
mean < 2 < 2 22.2 12.4 < 2 < 2 28.7 
range n.e. n.e. 12.0  32.0 
10.4  
19.6 n.e. n.e. 
24.0  
33.0 
Pb 
SD n.e. n.e. 5.59 2.25 n.e. n.e. 3.50 
mean 3264 5396 6960 7916 7886 2771 7889 
range 2335  4300 
3597  
6521 
4968  
12005 
5998  
10021
5987  
10050
1998 - 
4220 
4295  
12500 
Zn 
SD 546 1098 1547 1229 1568 506 2780 
N      - number of analysed samples 
SD    - standard deviation 
n.e.   - not evaluated 
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Table 2. Content of heavy metals in muscle tissues of fish  reservoir Korycany [µg/kg fresh 
tissue] 
Elements Pike N=7 Zander N=8 
Eel 
N=46 
Carp 
N=13 
Silver 
salmon 
N=6 
mean 10.5 18.6 16.5 19.9 9.55 
range <2  16.5 10.2  26.9 
10.0  
22.8 
11.6  
30.5 <2  14.6
 
As 
 
SD 1.55 2.12 2.08 3.65 1.16 
mean <2 <2 <2 <2 <2 
range n.e. n.e. n.e. n.e. n.e. 
 
Cd 
SD n.e. n.e. n.e. n.e. n.e. 
mean 142 217 212 245 168 
range 99  187 168 - 264 145 - 259 198 - 305 104  
226 
 
Cu 
SD 9.65 14.9 7.53 21.8 19.4 
mean 65.5 75.4 66.9 60.9 38.2 
range 26.5  89.4 
41.7  
112.3 
39.8  
99.8 
29.5  
100.2 
20.5  77 
6 
 
Ni 
 
SD 11.6 14.8 9.98 12.4 13.2 
mean <2 15.7 12.5 18.6 <2 
range n.e. <2  26.5 <2  18.6 14.3  26.7 n.e. 
 
Pb 
 
SD n.e. 9.62 6.55 8.65 n.e. 
mean 1265 3015 2689 2998 987 
range 867  1665 
2258 - 
3612 
2485 - 
2998 
2789 - 
3351 
712 - 
1165 
 
Zn 
SD 80.7 102 25.9 56.5 412 
N- number of analysed samples 
SD- standard deviation 
n.e.- not evaluated 
 
Levels of the most often-monitored risk elements such as cadmium and 
lead were even below the limit of determination in several cases. The lowest 
levels of all risk elements were found in pike (predatory fish) while the 
highest levels were detected in tench, which lives predominantly near to the 
bottom. The measured levels of risk elements were compared with the data 
published by the State Veterinary Administration of the Czech Republic 
(State Veterinary Administration of the Czech Republic 2002) and were 
significantly lower. However, it should be emphasized that the levels found 
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in 2001 all over the Czech Republic were not high and that the hygienic limit 
was exceeded only once for arsenic (predatory fish  rainbow trout) and 
once for mercury (barbel).  
The results of PCBs determinations are summarized in Table 3 (water 
reservoir Sradavka) and Table 4 (water reservoir Korycany). Average values 
and ranges in muscles of fish are given.  
Table 3. Content of PCBs in muscle tissues of fish  reservoir Smradavka [µg/kg fresh tissue] 
PCB congener Pike N=5 
Eel 
N=9 
Bream 
N=7 
Roach 
N=5 
Carp 
N=9 
mean 1.16 4.85 4.26 0.62 1.53 
28 
range 0.36-1.82 0.88-
13.25 
0.42-7.35 0.35-1.05 0.78-3.03
mean 0.38 1.08 1.30 0.24 0.57 52 
range 0.23-0.86 0.33-3.25 0.10-3.86 0.08-0.52 0.22-0.78
mean 0.62 3.36 4.76 0.48 0.85 101 
range 0.18-0.98 0.60-9.56 0.21-7.98 0.26-0.82 0.79-0.83
mean 0.24 0.63 1.51 0.20 0.39 118 
range 0.11-0.51 0.37-1.12 0.19-3.68 0.10-0.48 0.33-0.92
mean 9.95 11.79 13.63 4.52 6.83 
138 
range 2.48-
19.10 
5.70-
23.14 
2.72-
24.11 
1.04-9.85 4.56-9.88
mean 13.45 16.71 22.49 5.71 10.48 
153 
range 3.27-
24.66 
8.26-
31.40 
3.96-
44.65 
1.43-
12.52 
6.36-
14.99 
mean 6.99 7.51 5.92 0.57 4.38 
180 
range 1.38-
13.59 
2.93-
17.65 
1.12-
15.72 
0.15-2.52 2.43-8.28
∑ of congeners 32.79 45.93 53.87 12.34 25.03 
N- number of analyzed samples 
Table 4. Content of PCBs in muscle tissues of  fish  reservoir Korycany [µg/kg fresh tissue]  
PCB congener Pike N=6 Eel N=8 Bream N=8 
Roach 
N=6 Carp N=8 
mean 0.71 3.09 3.15 0.36 1.02 28 
range 0.36-1.64 0.83-14.28 0.32-6.32 0.35-0.98 0.91-1.03 
mean 0.21 0.83 1.06 0.14 0.37 52 
range 0.23-0.56 0.40-3.08 0.11-3.00 0.08-0.48 0.37-0.66 
101 mean 0.39 2.94 3.85 0.29 0.62 
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PCB congener Pike N=6 Eel N=8 Bream N=8 
Roach 
N=6 Carp N=8 
 range 0.18-0.95 0.60-9.36 0.31-7.76 0.26-0.61 0.79-0.83 
mean 0.10 0.49 0.67 0.10 0.12 118 
range 0.11-0.36 0.37-0.98 0.19-3.35 0.10-0.32 0.33-0.34 
mean 9.02 10.95 12.85 3.94 5.04 138 
range 2.48-19.07 5.70-23.06 2.72-23.97 1.04-9.62 4.56-9.18 
mean 12.88 15.78 21.33 4.11 9.63 153 
range 3.17-24.00 8.26-31.40 3.96-44.29 1.44-12.36 6.56-14.28 
mean 5.98 6.89 4.93 0.16 2.76 180 
range 1.36-13.19 2.80-17.25 1.01-11.72 0.65-5.52 2.43-6.28 
∑ of congeners 29.29 40.97 47.84 9.10 19.56 
N- number of analyzed samples 
 
It follows from Table 3 and Table 4, that the Smradavka reservoir is 
more polluted than the Korycany reservoir (compare for example the sums 
of congeners. See also Figure 1). However, it should be noted that the 
Colorak Company, which uses Delor 106 in the production of paints is in the 
same region. Differences in concentrations in the Table 3 and Table 4 could 
be ascribed to the fact that the location of the Korycany reservoir is further 
from this source of contamination. In addition, illegal dumps were found in 
the vicinity of the Smradavka water reservoir, which was not the case for the 
Korycany. Although the differences found were not too extensive, 
nevertheless some additional work should be done in order to make reliable 
statistical evaluation. Whatever the cause, the levels of PCBs congeners in 
the reservoirs are higher than the background in the Czech Republic, where 
the sum of congeners ranges between 2  5 µg/kg of fresh tissue (State 
Veterinary Administration of the Czech Republic 2005). 
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Figure 1. Comparison of the sum of PCBs indicator congeners found in the reservoir 
Korycany and Smradavka 
4. CONCLUSION 
Contents of heavy metals and PCBs indicator congeners were analyzed in 
fish tissues during the period 2002  2004. Heavy metals were determined 
by the AAS method, PCBs by the GC/ECD method. Variability of trace 
metals content was found regarding fish species. The results were compared 
with the legislation valid in the Czech Republic. It was found that the 
concentrations did not exceed the hygienic limits. Higher values of high-
chlorinated congeners were found as a consequence of the use of Delor 103 
in the Colorlak factory located in the vicinity. The source of higher values of 
PCB 28 congener could be a secondary contamination from air. It could be 
stated that transfer of PCBs into the food chain persists years after the 
production of paints containing PCBs was stopped.  
LITERATURE 
Anonymous 2004. Česka zemědělská a potravinářská inspekce (Czech Agricultural and Food 
Inspection Authority), Zpráva o činnosti Státní zemědělské a potravinářské inspekce za 
rok 2003 (Report 2003). Brno 2004. 
Niimi A.J. 1996. PCB in Aquatic organisms. In: Environmental contaminants in wildlife 
interpreting tissue concentrations. (Ed. Beyer W. N., Heinz G. H. Redmon-Norwood A. 
Sucman et al.: Fish – Useful Bio-Indicators
Produced by The Berkeley Electronic Press, 2006
26 Contaminated Soils- Environmental Fate
 
 
W. Beyer A., W., Heinz G. H, Redmont-Norwood A W). Lewis Publishers. New York 
(1996), 117-152. 
Parte C. and Albaiges J. 1994. Bioaccumulation patterns of hydrocarbons and polychlorinated 
biphenyls in bivalves crustaceans and fishes. Archives.  Environ.  Contam.  Toxicol., 26, 
273. 
State Veterinary Administration of the Czech Republic 2002. Test Results for the Residues 
Detection in Live Animals, Slaughtered Animals and Other Animal Products in 2001, 
www.svscr.cz, September 14, 2005. 
State Veterinary Administration of the Czech Republic 2005. Contamination of Food Chain 
by Residues - Situation 2004, www.svscr.cz, September 14, 2005. 
Svobodová et al. 2004. Profiles of PCBs in Tissues of Marketable Common Carp And Bottom 
Sediments of Selected Ponds in South and West Bohemia, Acta Vet. Brno, 73, 133-142.  
Vávrová, M. et  al. 2003.  Assessing contamination  levels in a  reservoir  on  the Basis  of  
the determination of xenobiotics in fish. Fresenius Environ. Bull., 12, 2003, p. 901-905.  
Voight, H.R. 1999. Concentrations of heavy metals in fish from coast waters around the 
Baltic Sea. Ices Journal of Marine science, 56, 140-141. 
Voight, H.R. 2000. Heavy metal and organochlorine levels in coastal fishes from the Väike 
Väin Stait, Wetern Estonia, in high summers. Proc. Estonian Acad. Sci. Biol. Ecol., 49, 
335-343.  
Zauke, G.P. et al., 1999. Heavy metals in fish from the Barents Sea in summer 1994. Science 
of the Total Environment, 227, 161-173. 
Zima, S. and  Vávrová, M. 1997. Organic pollutants in environmental bio-indicators, (In 
Slovak). Ekológia & ivot, 1, 28-29. 
ACKNOWLEDGEMENT 
This research was supported by the Ministry of Education, Youth and 
Physical Training of the Czech Republic (CEZ: J16/98,MSM 162700004) 
 
Proceedings of the Annual International Conference on Soils, Sediments, Water and Energy, Vol. 11 [2006], Art. 3
https://scholarworks.umass.edu/soilsproceedings/vol11/iss1/3
